ABSTRACT
INTRODUCTION
objective of this article was to offer handy simple, accurate, non-destructive and time saving leaf area prediction models for various crop species to be used by the researchers working in the field of horticultural sciences.
MATERIALS AND METHODS
In general, the development of an estimation model of leaf area requires the measurement of the actual area of each leaf and, often, multiple regressions with length and /or width, etc. Common parameters for prediction equations are leaf length, leaf width, leaf dry mass, petiole length, or some combination of these variables (Gamiely et al., 199 Computer programs such as Excel, SAS and SPSS may be used in this process. For example, for a typical method, each leaf should be placed on a sheet of paper and be photocopied. Then, to measure the actual leaf area, a digital leaf area meter or any suitable tool may be used. The leaf width (W) and length (L) of the leaves sampled can be measured by a simple ruler. After this, regression analysis of the data may be performed separately for each genotype, species or cultivar. The analysis can be conducted with various subsets of the independent variables; for instance, leaf length, leaf width, "leaf length" 2 (L 2 ), "leaf width" 2 (W 2 ) and the [L 2 / W 2 ] ratio to develop the best model for predicting leaf area. Regression analyses should be carried out until the deviation sum of squares is minimized. To choose the best model, standard error, coefficient of correlation (r 2 ), probability and F values of the proposed model are considered. In addition, representative leaf samples should be used to increase reliability of the model. Samples consisting of leaves of different sizes should be used to produce an accurate leaf area estimation equation. Otherwise, the equation will probably be unreliable. As measurement of the leaf area of plants such as grapevine is more complicated than for plants such as the peach tree, more samples are therefore required to produce an accurate model. Ackley et al. (1958) also noted calculations of the minimum number of leaves to provide a reliable linear measurement to area conversion modeling equation. So, any proposed model should be validated with independent data before being used for experiments. The use of a validated estimation model of leaf area is straightforward and saves time. However, developing a new leaf area model can be time-consuming, lasting for up to three months. For example, a large number of leaf samples of varying sizes can be collected, either from an orchard at different periods or, when leaves reach the desired size, from an orchard at one time.
REGRESSION MODELS FOR SPECIFIC HORTICULTURAL CROPS

Fruit Crops
Several leaf area prediction models for fruit species developed in previous studies are presented in table 1. Studies indicated that leaf area in the Stuart pecan can be estimated with reasonable accuracy and rapidity by employing the relationship of leaf area per terminal to terminal length (Sparks, 1966; Smith, 1992) . A logarithmic model for nondestructive estimation of leaf area in cacao has also been developed by Reynolds (1971) . A leaf area estimation model with high degree of correlation coefficient (0.961) has also been established by Kobayashi (1988) in guava. The length of the midrib, petiole and maximum width of the lamina in sour orange leaves were used to develop leaf area prediction models which exhibited a good predictive ability as indicated by r 2 value of 0.93 (Ramkhelawan and Brathwaite, 1990) . Using simple measure of leaf length and width, a nondestructive and cost effective measure for leaf area estimation of rabbit-eye blueberries was presented by NeSmith (1991). A strong correlation (r 2 = 0.96-0.98) between LA and various combinations of leaf length (L) and width (W) in certain cultivars of banana has been reported which can be exploited for prediction of leaf area in these fruits (Potdar and Pawar, 1991) . Leaf area estimation model has also been offered for white mulberry (Satpathy, et al., 1992) with good correlation value (r 2 = 0.960). Simple leaf area estimation equations have also been developed (Panta and NeSmith, 1995; Wu et al., 2010) for musk melon that offers reliable prediction of leaf area across several cultivars. By means of measuring leaf length (L) and width (W) Uzun and Celik (1999) achieved excellent equations for estimation of leaf area in avocado, grapes, kiwifruit, lotus plum, raspberry and red currant fruits. All models produced a coefficient of determination (r 2 ) equal to or greater than 0.966. The length of midrib and the maximum width of lamina were used to develop nondestructive leaf area prediction models (r 2 = 0.997) in definite pistachio genotypes (Ranjbar an Damme, 1999 
Vegetable crops
Leaf area prediction models for vegetables crops developed in previous studies are presented in (2014) suggested that for leaf area estimation in eggplant using the product between the linear measurements of length (L) and width (W) of the leaf blade allowed to obtain the satisfactory leaf area of plants nondestructively However, they suggested that quadratic equations with single dimension of length exhibited a high degree accuracy and precision in estimating individual LA of eggplant which also lowered the time of measurement. Regression analyses of LA versus FW, DW, L and W revealed several models for estimating the area of individual basil leaves (Bazaza et al., 2011) wherein the models, one based on the sum of dimension squares was found most accurate for Genovese (r 2 = 0.895) while the product of dimension squares was the most suitable for Purple Ruffles (r 2 = 0.817).
Ornamental Crops
The correlation equations between the actual and predicted leaf area as nondestructive mean of leaf area analysis have also been fashioned for certain vegetables crops (Table 3) . Barbieri et al. (1994) suggested a non-destructive method of leaf area estímation from simple regression equation (r 2 = 0.982). Leaf area can also be measured with the help of linear dimensions of leaf in sunflower; however, neither length nor breadth alone gave consistent LA estimation but both length and breadth measurements were needed for precise measurement of leaf area in sunflower (Bange, et al., 2000) . Regression equations developed for Zennia elegans using leaf length and breadth revealed that leaf area prediction can be made accurately for different genotypes of Zennia using prediction models ( ) found that regression analysis of LA versus L and W or some combinations of these parameters resulted in several models that could be used for estimating the leaf area of individual bedding plants like pot marigold, dahlia, sweet William, geranium, petunia and pansy. They reported that a linear model having LW as the independent variable provided the most accurate estimate (highest r 2 , smallest mean square error, and the smallest predicted residual error sum of squares) of LA in all bedding plants.
Medicinal Crops
Excellent relationships between the different dimensions and actual leaf area have also been reported by various workers in certain medicinal plants (Table 4) . Working on nondestructive leaf estimation methods, Odabas et al. (2005) achieved some excellent models for estimation of leaf area in some medicinal plants wherein all r² values and standard errors were found to be significant at the P < 0.001 level. To achieve a nondestructive leaf area estimation in summer snowflake Cirak et al. (2005b) develops a leaf area prediction model which was significantly correlated (r 2 = 0.97) at 0.001 level. A highly significant (r 2 = 0.99) leaf area prediction model was also produced for tea (Zenginbal et al. 2006 ). Leaf area prediction can be made in Stevia (sugar plant) either by using leaf area factor of 0.548 or the linear regression equation (Ramesh et al., 2007) . Antunes et al. 
ADVANTAGES AND DISADWANTAGES OF LEAF AREA ESTIMATION MODELS
Models to predict leaf area non-destructively can provide researchers with many advantages in horticultural experiments. The most important advantages are as follows:
1. The models enable researchers to measure leaf area on the same plants during plant growth. The equations allow estimations of leaf growth from bud burst to leaf fall, and they reduce variability since the same leaf is used during the experiment. In addition, destructive leaf area measurements are not possible in many investigations. The use of equations eliminates the need for the detachment of leaves from plants. 2. Reliable models eliminate the need for expensive leaf area meters and labor. In addition, Reynolds (1971) suggested that, in nutritional studies of young cacao cuttings, it became necessary to develop a rapid method for estimating leaf area. Ramkhelawan and Brathwaite (1990) stated that, in weed control investigations involving container-grown sour orange rootstocks, it became necessary to estimate leaf area by a non-destructive method. Kobayashi (1988) indicated that a rapid nondestructive method for estimating the leaf area of the guava in the field would be useful.
A considerable disadvantage of non-destructive methods is that, if the equation is unreliable, incorrect results may be obtained. To prevent this, leaf samples must be taken at different times and chosen at different sizes while an equation of the leaf area estimation is constructed. In addition, the equation should be tested or evaluated for each leaf at different sizes. Moreover, the obtained equation must be validated by other leaf samples before it is used in any experiment.
CONCLUSION
Nowadays, computer technology and mathematical modeling are progressing rapidly. These, and other developments, have advanced well. The developments have facilitated and accelerated our scientific studies. Therefore, benefiting from the opportunities is useful and necessary. This study is a mini-review that presents some leaf area estimation models with information regarding the advantages and disadvantage of their usage. Moreover, it gives suggestions about how an accurate mathematical model may be constructed. Most importantly, this mini-review shows that the models produced in previous studies for fruit species can be reliably used. LA -leaf area; L -leaf length; W -leaf breadth; N -no. of leaves per seedling; L1, L2, L3 are the length of the apical leafs midrib, the length of the first leaflet nearest to the apical leaf on the left and the length of the first leaflet nearest to the apical leaf on the right, respectively; and W1, W2, W3 are the maximum width of lamina for L1, L2 and L3 respectively; LLCV -length of the leaf central vein; LLL -lower leaflet length; ULL -upper leaf lobe length; X -width of the top of the leaflet; X1 -the width of the side of the leaflet; TS -training system. 
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